, the ANRS 129 BKVIR-CYTOK STUDY GROUP Objective: Patients coinfected with HIV and Mycobacterium tuberculosis frequently experience a paradoxical worsening of tuberculosis (TB) symptoms early after the initiation of combination antiretroviral therapy (cART). This immune reconstitution inflammatory syndrome (TB-IRIS) can lead to significant morbidity and needs to be distinguished from TB recurrence due to ineffective treatment. We investigated whether plasma biomarkers could predict the occurrence of TB-IRIS.
Introduction
Coinfection with Mycobacterium tuberculosis (Mtb) and HIV represents a major threat to public health worldwide [1] . Tuberculosis (TB) is frequent and severe in HIV-infected patients, who often present with atypical symptoms and extra-pulmonary Mtb dissemination [2, 3] . TB treatment is more difficult to manage in HIV-infected patients due to pharmacological interactions with antiretroviral drugs and to a higher frequency of multidrug-resistant TB strains [4] . Moreover, the treatment of HIV and Mtb coinfected patients can be complicated by the occurrence of an immune reconstitution inflammatory syndrome (IRIS), which is manifested by a recurrence of TB symptoms after the initiation of combination antiretroviral therapy (cART) [5, 6] . Two major forms of TB-IRIS can be distinguished, including a 'paradoxical' form occurring in patients who were previously treated for TB, and an 'unmasking' form occurring in patients not known to be infected with Mtb and in whom TB symptoms are recognized only after cART initiation. TB-IRIS causes significant morbidity, especially in resource-limited settings, and is life-threatening when associated with meningeal or cerebral granulomatous reaction [7] [8] [9] .
IRIS is thought to result from a rapid recovery of immune responses against opportunistic pathogens, resulting in a massive inflammatory reaction directed against pathogenloaded tissues. The factors most commonly associated with IRIS occurrence are a high pathogen burden and an advanced state of immunosuppression, as indicated by a very low CD4 þ T-cell count at cART initiation [10, 11] . An immunological hallmark of IRIS is the rapid expansion of CD4 þ T cells specific for the causal opportunistic pathogen, while CD4 þ T cells specific for HIV remain stable [12, 13] . During TB-IRIS, CD4
þ T cells specific for purified protein derivative (PPD) antigens show massive proliferation, activation and release of Th1-type cytokines [14, 15] . Macrophages also appear involved in IRIS pathogenesis, as suggested by marked increases in inflammatory markers such as interleukin (IL)-6, tumour necrosis factor-alpha (TNF)-a and C-reactive protein (CRP) [16] [17] [18] and by accumulation of CD68þ macrophages at IRIS lesion sites [19, 20] . The anti-inflammatory cytokine interleukin (IL)-10 is also increased in the course of TB-IRIS, which may reflect the activation of immunoregulatory mechanisms counteracting the deleterious effects of inflammation [21] . Finally, innate immune cells other than macrophages may also play a role in IRIS pathogenesis, as evidenced by an increase in KIR-negative gd T cells [14] , a higher degranulation capacity of natural killer cells [11] and a higher expression of toll-like receptor 2 on myeloid dendritic cells [22] at cART initiation in patients who subsequently develop TB-IRIS.
Although helpful IRIS clinical criteria have been validated by the International Network for the Study of HIV-associated IRIS (INSHI) [7] , the diagnosis of TB-IRIS is not straightforward [23, 24] . It is necessary to distinguish TB-IRIS from a recurrence of TB due to drug resistance or nonobservance of antimycobacterial treatment, and to rule out the onset of a new opportunistic infection. Defining parameters predictive of IRIS occurrence represents an important objective, as these may impact case management. Several plasma biomarkers measured before or at the time of cART initiation have shown significant changes in patients who subsequently developed TB-IRIS, though a consensus on the most informative markers remains to be established. The combination of an increase in IL-18 and interferongamma-induced protein 10/chemokine (C_X_C motif) ligand 10 (IP-10/ CXCL10) with a decrease of CCL2 was predictive of paradoxical TB-IRIS in a cohort of Cambodian patients [25] . In two studies, markers of inflammation, such as CRP, D-dimer or IL-6 were increased at baseline in patients who developed IRIS [26, 27] . In a third study, increased levels of plasma interferon-gamma (IFN-g) and CRP were predictive of unmasking TB-IRIS, but not of paradoxical TB-IRIS [28] . Thus, although both Th1-derived cytokines and innate inflammatory markers appear dysregulated in IRIS pathogenesis [16] , there is a need to further define predictive markers of IRIS and to characterize the chain of events leading to the cytokine storm characteristic of TB-IRIS.
Materials and methods
Study population ANRS 129 BKVIR was a phase II, single-arm, multicentre trial that enrolled 69 antiretroviral-naive HIV-1 infected patients treated for TB in France (O. Lortholary et al., in preparation). Briefly, eligible patients were HIV-1-infected individuals aged at least 18 years, with microbiologically or histologically confirmed TB, treated with anti-TB drugs for less than 12 weeks, and naive of cART. The CD4 þ T-cell counts were not a criterion for inclusion in the trial. Patients received a first-line cART regimen consisting in a once-daily combination of tenofovir DF (300 mg/day), emtricitabine (200 mg/ day) and efavirenz (800 mg/day if treated by rifampin, otherwise 600 mg/day). TB-IRIS cases (IRISþ) were classified according to the criteria defined by French et al. [29] and by the INSHI [7] . All TB-IRIS cases were validated by an Event Review Committee, based on a detailed review of medical charts. Written informed consent was obtained for all trial participants. The ANRS 129 BKVIR trial and the BKVIR-CYTOK sub-study were approved by the ethics committee 'Comité de Protection des Personnes CPP Ile de France II'.
Biomarker measurements
Biomarkers were monitored longitudinally at cART initiation, at week 0 (wk0), and at wk4, wk12 and wk24 on plasma samples stored at À808C. A panel of 26 biomarkers, including homeostatic cytokines, inflammatory cytokines and chemokines, was tested by multiplex assay (Milliplex; Millipore, Billerica, Massachusetts, USA). The panel included Flt-3L; granulocyte colony stimulating factor granulocyte macrophage colony stimulating factor; IFN-a2; IFN-g; IL-1a; IL-1ra; IL-2; IL-4; IL-5; IL-6; IL-8/CXCL8; IL-9; IL-10; IL-12 (p40); IL-12 (p70); IL-15; IL-17; IP-10/CXCL10; MCP-1/CCL2; MIP-1b/CCL4; sCD40L; sIL-2R a; transforming growth factor-alpha (TGF-a); TNF-a; vascular endothelial growth factor (VEGF). Plasma samples collected on EDTA (100 ml) were tested in duplicate for the 26 biomarkers simultaneously, using a Luminex 100 reader (GMI, Inc., Ramsey, Minnesota, USA). Data were analysed in the Starstation 2.3 software (Applied Cytometry, Sheffield, UK). Concentrations were derived from fluorescence intensities by fiveparameters logistic curves. The cytokine IL-7 was measured separately on duplicate samples by a highsensitivity ELISA assay (Quantikine HS kit; R&D Systems, Minneapolis, Minnesota, USA). Multiplex and ELISA assays were done in parallel on plasma samples that were thawed just once to optimize the sensitivity of biomarker measurements.
Statistical analysis
Comparisons of clinical parameters between the IRISþ and IRIS-negative (IRIS-) groups were made by MannWhitney tests for quantitative variables and chi-squared tests for qualitative variables. Analyses of biomarkers were performed on fluorescence intensities and derived concentrations. Descriptive analyses were done for all biomarkers, but statistical comparisons were limited to 11 predefined biomarkers of interest (IFN-g; IL-1a; IL-1ra; IL-12 (p40); IL-6; IL-7; IL-8; IP-10; sCD40L; sIL-2Ra; TNF-a). Levels of these biomarkers were compared between the IRISþ and IRIS-groups at four time points by Mann-Whitney tests, with an adjustment of P-values for test multiplicity (adaptive false discovery rate, FDR) [30] . P-values based on fluorescence intensities were considered the primary analyses, given that statistical comparisons of concentrations could be limited by missing or censored values [31] . Cox proportional hazards models with a step-wise backward selection procedure were performed to determine whether a panel of three biomarkers chosen on a pathophysiologic basis (IL-7; IP-10; sIL-2Ra) allowed to predict the time to IRIS occurrence. A logistic regression, which modelled IRIS occurrence independently of time, was used as robustness analysis. The kinetics of IP-10 decrease was evaluated with a linear mixed effect model. All statistical analyses were performed with SAS software version 9.1.3 (SAS Institute Inc., Cary, North Carolina, USA).
Results
Frequent and rapid occurrence of tuberculosisimmune reconstitution inflammatory syndrome The characteristics of the 69 patients coinfected with HIV-1 and Mtb are reported in Table 1 . Most patients were male and half of them (54%) were born in SubSaharan Africa. CD4
þ T-cell counts were generally low (median: 74 cells/ml) and a majority of patients had disseminated TB (71%), indicative of advanced immunodeficiency. One-third of patients (33%, n ¼ 23) developed TB-IRIS after cART initiation. Five IRIS events were considered serious, including two acute renal failures, two cerebral tuberculoma, including one with seizures and one with intracranial hypertension, and one segmental bronchial compression. Baseline plasma HIV-1 RNA was slightly higher in patients with than without IRIS (5.5 vs. 5.1 log 10 copies/ml, P ¼ 0.020). The median period between start of antimycobacterial therapy and cARTwas shorter in patients with than without IRIS (46 vs. 61 days, P ¼ 0.026). Following cART initiation, the median time to IRIS onset was 8 days [interquartile range (IQR): [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] , and 87% of IRIS cases occurred before wk4.
Induction of inflammatory mediators during tuberculosis-immune reconstitution inflammatory syndrome
Five biomarkers showed significant differences between the IRISþ (n ¼ 23) and IRIS-(n ¼ 46) groups of CD4 R activation biomarkers in TB-IRIS Chakrabarti et al. 1595 Table 1 . Clinical and virological characteristics of patients with and without tuberculosis-immune reconstitution inflammatory syndrome -ANRS 129 BKVIR-CYTOK study. Raw P values are reported. P values corresponding to significant differences (<0.05) between the last two groups are indicated in bold.
Characteristics of patients
patients. Table 2 summarizes data for these markers at early time points (wk0 and wk4). Four biomarkers characteristic of inflammation showed an increased plasma concentration at wk4 in the IRISþ group compared with the IRIS-group: IL-6, TNF-a, IL-8/ CXCL8 and IP-10/CXCL10 ( Fig. 1 ). At cART initiation (wk0), the levels of these inflammatory mediators did not differ between IRISþ and IRISÀ patients. IL-6, IL-8 and TNF-a were rapidly induced in the IRISþ group during the first weeks of cART (Fig. 1a) . Subsequently, IL-6 returned to baseline levels at wk12, although IL-8 and TNF-a showed a trend for increased levels in the IRISþ group throughout follow-up. Thus, IRIS was characterized by a massive inflammation that persisted to some extent for up to 6 months.
The chemokine IP-10 did not follow the same kinetics as the other inflammatory mediators, but rather decreased continuously from wk0 to wk12. In the IRIS-group, the IP-10 plasma concentration decreased in parallel with HIV-1 RNA after cART initiation, although the decrease appeared slower in the IRISþ group (Fig. 1b) . Analysis by The median and interquartile range (IQR) of biomarker concentrations are reported in pg/ml for patients in the IRIS-positive (IRISþ) group (thick black line) and the IRIS-negative (IRIS-) group (thin grey line) at the following time points: wk0, wk4, wk12 and wk24. A significant P value (P < 0.05) after adjustment for test multiplicity is indicated by an asterisk. (c) The viral load in the IRISþ and IRIS-groups, measured as the log 10 of the HIV-1 RNA copies/ml plasma, was followed for 48 weeks after cART initiation at week 0. Median and IQR are reported on the graph.
a linear mixed effect model showed that, in the IRISgroup, the IP-10 concentration decreased significantly between wk0 and wk4 (À384 pg/ml per week [95% confidence interval (CI) À612 to À156], P ¼ 0.0013), as well as between wk4 and wk12 (À158 pg/ml per week [95% CI À222 to À94], P < 0.0001). The decrease in IP-10 appeared less marked in the IRISþ group (P ¼ 0.098) during the first 4 weeks, with a mean loss of À52 pg/ml per week (95% CI: À374 to 270). Between wk4 and wk12, changes in IP-10 concentration were comparable between both groups (P ¼ 0.30), with a mean loss of À216 pg/ml per week (95% CI À305 to À127) in the IRISþ group. Thus, although baseline IP-10 levels did not differ between groups, the decrease after cART initiation tended to be slower in the IRISþ group. In contrast, the kinetics of HIV-1 RNA decrease was superimposable in patients with and without IRIS (Fig. 1c) , suggesting a comparable efficacy of cART regimen in both groups.
Increased markers of CD4 R T-cell activation in tuberculosis-immune reconstitution inflammatory syndrome patients The homeostatic cytokine IL-7 was studied because of its key role in CD4 þ T-cell survival and proliferation [32] . As preliminary experiments showed that the sensitivity of IL-7 detection was low in multiplexed assays, we measured IL-7 separately by a high-sensitivity ELISA assay. IL-7 showed a nonsignificant trend for persistently higher levels in the IRISþ group at wk0 and throughout follow-up (Fig. 2a) . CD4 þ T-cell counts did not differ between the IRISþ and IRIS-groups at wk0 as well as during the immune reconstitution phase (Fig. 2b) . Thus, the trend for higher plasma IL-7 levels in the IRISþ group could not be explained by a smaller CD4 þ T-cell pool that would have resulted in decreased IL-7 consumption.
The alpha chain of the IL-2 receptor, CD25/IL-2Ra, is predominantly expressed by CD4
þ T cells and is released by proteolytic cleavage from the surface of activated T cells [33, 34] . The baseline plasma level of soluble CD25 (sCD25) was significantly higher in the IRISþ group than in the IRIS-group, and showed further increase with a peak at wk4 and a progressive decline thereafter (Fig. 2c) Fig. 2 . The concentrations of sCD25 remained significantly higher in the IRISþ group throughout follow-up, pointing to T-cell activation as a major contributor to IRIS pathogenesis.
Interleukin-7 and sCD25 levels are independently associated with tuberculosisimmune reconstitution inflammatory syndrome occurrence We next studied whether the baseline concentration of the IL-7, sCD25 and IP-10 markers were associated with the subsequent occurrence of TB-IRIS. Baseline values of two bio-clinical parameters, haemoglobin and BMI, were also included in the model (supplementary Table 1 , http://links.lww.com/QAD/A526), as these parameters had been found to be associated with TB-IRIS occurrence in multivariable analyses of the BKVIR core 
. Induction of CD4
R T-cell activation markers before and during tuberculosis-immune reconstitution inflammatory syndrome. (a and c) The median and interquartile range (IQR) of biomarker concentrations are reported in pg/ml for patients in the IRISþ group (thick black line) and the IRIS-group (thin grey line) at the following time points: wk0, wk4, wk12 and wk24. A significant P value (P < 0.05) after adjustment for test multiplicity is indicated by an asterisk. A P value <0.01 after adjustment for test multiplicity is indicated by a double asterisk. (b) Changes in the number of CD4 þ T-cell lymphocytes per microlitre blood were followed for 48 weeks after cART initiation at week 0. Median and IQR are reported on the graph. (a) Logistic and Cox regression models were applied to determine whether a panel of 3 biomarkers chosen on a pathophysiologic basis (IL-7; IP-10; sCD25) at wk0 allowed to predict the occurrence of IRIS. Final multivariable models were obtained after step-wise backward selection procedure. Both models show that baseline sCD25 and IL-7 are independent predictors of IRIS occurrence. The Cox proportional hazard model takes into account the time to IRIS occurrence, whereas the logistic model treats IRIS as a binary variable (occurrence of IRIS: yes or no). The hazard ratios (odds ratio in the logistic model) for the risk (odds in the logistic model) of developing IRIS per unit increase in the explanatory variables (measured at wk0) are reported. (b) Multiple linear regression models were used to determine the variables predictive of the levels of three inflammatory biomarkers at wk4: IL-6, IL-8 and TNF-a. The full multivariable models are shown (no step-wise variable selection procedure). The parameter beta reflects the mean estimated change in the dependent variable (the given cytokine at wk4) per unit of the explanatory variable (measured at wk0). CI, confidence interval; FI, fluorescence intensity; HR, hazard ratio; NA, not applicable; OR, odds ratio; wk, week. trial (O. Lortholary et al., in preparation). In the final Cox proportional hazards model (Table 3a) , only IL-7 (P ¼ 0.022) and sCD25 (P ¼ 0.005) were independently associated with TB-IRIS occurrence. Robustness analysis using a logistic regression model yielded consistent results (Table 3a) .
Baseline interleukin-7 determines inflammatory cytokine induction
We then determined whether the baseline levels of IL-7 and sCD25, as well as haemoglobin and BMI, were associated with the levels of the three inflammatory cytokines/chemokines that were significantly increased at wk4 in the IRISþ group (IL-6, IL-8, TNF-a). In the linear regression models, IL-7 baseline values at wk0 were positively associated with IL-6, IL-8 and TNF-a levels at wk4 (Table 3b ). In contrast, no significant associations with sCD25 baseline levels were detected. Of the two clinical parameters, only baseline haemoglobin showed an independent association with inflammatory cytokines levels at wk4. Taken together, these findings suggested a role for IL-7 availability in the induction of inflammation during TB-IRIS.
Discussion
In this study, we analysed plasma biomarkers in naive HIV-1 infected patients with confirmed Mtb infection and who initiated cART. The high rate of TB-IRIS occurrence in this well characterized study population allowed the identification of biomarkers associated with IRIS. The plasma levels of the cytokines and chemokines IL-6, IL-8, TNF-a and IP-10 were significantly increased during TB-IRIS, consistent with an underlying role of the inflammatory response in the pathogenesis of IRIS. However, the biomarkers that predicted IRIS occurrence at the time of cART initiation were those associated with CD4 þ T-cell activation rather than the inflammatory mediators. Indeed, both IL-7 and sCD25 were independently associated with TB-IRIS occurrence. IL-7 is a gc family cytokine that is considered as the master regulator of CD4 þ T-cell homeostasis, by promoting T-cell survival, activation and proliferation [35] . As such, IL-7 may contribute to the massive CD4 þ T-cell proliferation that characterizes the acute phase of TB-IRIS [12, 13] . The soluble form of the IL-2 receptor, sCD25, is primarily released by activated CD4 þ T cells though proteolytic processing [33, 34] , and is known to be increased in infectious, autoimmune and malignant diseases characterized by chronic T-cell activation [33, 36, 37] . Thus, our findings support a key role for CD4 þ T-cell activation in the pathogenesis of IRIS.
The sequential increases of sCD25 and IL-7 followed by inflammatory markers in patients with TB-IRIS suggest a two-stage pathogenic process wherein CD4 þ T-cell activation precedes inflammation. This notion is supported by the positive association between IL-7 baseline values at wk0 and inflammatory cytokine values at wk4, a time point by which the majority of IRIS-TB events had occurred. Advanced HIV infection is known to be associated with a chronic activation of dysfunctional T cells that show signs of functional exhaustion and increased apoptosis [38] . Abundant mycobacterial antigens present in TB-infected patients may further drive the activation of CD4 þ T cells that remain dysfunctional and fail to proliferate during the phase of active HIV replication. Our findings suggest that patients with higher levels of CD4 þ T-cell activation at cART initiation are more prone to develop TB-IRIS, possibly because of a rapid functional recovery of this preactivated CD4 þ T-cell population. The notion of a prominent but abnormal CD4 þ T-cell activation prior to IRIS is supported by a study showing increased levels of the inhibitory costimulatory molecules programmed cell death-1, Lymphocyte-activation gene 3 and cytotoxic T-lymphocyte antigen 4 in CD4 þ T cells of patients before IRIS occurrence [39] .
Increased IL-7 levels may also prime CD4 þ T cells for rapid proliferation once viral replication is controlled. We and others have shown that IL-7 responses are impaired in CD4 þ T cells of patients with detectable HIV load, due to IL-7 receptor downregulation [40] and perturbed IL-7 downstream signalling [41, 42] . Importantly, functional IL-7 responses are recovered under cART, allowing for the reconstitution of the CD4 þ T-cell pool. Higher IL-7 levels in patients with IRIS likely contribute to the massive proliferation of Mtb-specific CD4 þ T cells that occurs once cART is initiated [14, 15] . Consistent with our results, two studies found evidence for persistently elevated IL-7 concentrations in patients with IRIS [39, 43] , suggesting a prolonged effect of this cytokine. The determinants of increased IL-7 levels in patients with IRIS remain to be elucidated. An inverse correlation between CD4 þ T-cell counts and IL-7 levels has been documented in HIV-infected patients, suggesting that increases in IL-7 result from a decreased consumption of this cytokine by CD4 þ T cells [44] . Increased IL-7 levels would in turn promote CD4 þ T-cell survival and proliferation, contributing to the reconstitution of CD4 þ T-cell population. Although this homeostatic mechanism is likely at work in IRIS patients, it is not sufficient to account for the higher IL-7 levels, given that CD4 þ T-cell counts were not significantly lower than in patients without IRIS. IL-7 had long been thought to be constitutively produced by stromal cells within lymphoid organs, but recent studies have revealed that hepatocytes are capable of inducible IL-7 production when stimulated by type I interferons or inflammatory mediators [45] . In addition, specialized lymph node and thymic stromal cells, as well as lymphatic endothelial cells, can increase their IL-7 production in response to lymphopenia [46, 47] . Thus, the possibility that patients with higher inducible IL-7 production may be more susceptible to TB-IRIS warrants further investigation.
The nature of the cytokines and chemokines induced during TB-IRIS, including TNF-a, IL-6 and IL-8, is indicative of inflammation mediated primarily by macrophages, though the contribution of other innate cells and of stromal cells is also possible. These findings are in agreement with studies showing increases in inflammatory mediators during IRIS induced by Mtb [25, 28] and other opportunistic pathogens such as Pneumocystis jiroveci and Cryptococcus neoformans [48, 49] . Considering that memory CD4 þ T cells are potent activators of macrophages [50] , it is likely that the rapid recovery of CD4 þ T-cell helper functions under cART contributes to the activation of macrophages loaded with Mtb and underlies the massive inflammation characteristic of IRIS. This two-step scenario would explain in particular why CD4 þ T-cell activation precedes that of macrophages in TB-IRIS. This notion is also compatible with the model of IRIS pathogenesis recently proposed by Barber et al. [17, 51] , based on experiments in T-cell-deficient mice infected with M. avium. In this model, IRIS results from a dysregulated response of macrophages that were primed in the absence of CD4 þ T-cell help, with the sudden transfer of CD4 þ T cells leading to macrophage hyperresponsiveness and tissue-destructive inflammation. Although this model strongly supports a role for macrophage dysregulation in IRIS pathogenesis, it does not account for the increased activation of CD4 þ T cells prior to IRIS. One possibility is that Mtb-specific CD4 þ T cells also undergo prolonged priming in suboptimal conditions during the stage of active HIV replication, resulting in dysregulated Th1 responses after cART initiation.
Of note, a study of TB-IRIS found that a combination of increased IL-18 and IP-10 levels, with decreased CCL2 levels, was predictive of TB-IRIS occurrence [25] . These findings suggest that some but not all inflammatory mediators may be induced prior to IRIS, consistent with macrophage dysregulation. We did not detect increased IP-10 levels at baseline in the present study, possibly because patients in the BKVIR trial had slightly higher CD4 þ T-cell counts, or because of differences in experimental setup, as we measured IP-10 directly in plasma rather than after overnight culture [25] . Interestingly, IP-10 showed a different kinetics than other inflammatory mediators, with a high concentration at baseline and a continuous decrease that paralleled that of the viral load. The induction of IP-10 in situations of high viral load, which has also been reported during primary HIV infection [52] , may be explained by the facts that IP-10 is a chemokine primarily induced by type 1 and type 2 interferons [53] , and that HIV is both a direct inductor of type 1 interferons though the innate response and of type 2 interferon through the adaptive response. The observation that IP-10 levels decreased more slowly in patients with IRIS suggests that the persistence of an interferon response may contribute to the pathogenesis of IRIS. Persistently high levels of IP-10 in patients with IRIS is a consistent finding, as it has been observed in TB-IRIS [16, 25] but also in IRIS triggered by other pathogens. For instance, HIV/hepatitis B virus-coinfected patients who develop hepatic flares after cART initiation show a persisting increase of IP-10, although patients without signs of hepatic inflammation maintain moderate levels of the chemokine [54] . As HIV loads are rapidly decreasing during IRIS, the persistence of IP-10 may not be virally driven, but may rather reflect a strong IFN-g dependent adaptive response. In the present study, although we did not detect significant differences between the IRISþ and IRIS-groups in IFN-a2 and IFN-g levels, we noted a trend for higher IFN-g values at wk4 in IRIS patients. Approaches based on the analysis of IFN-g induction after PPD antigenic stimulation in vitro have documented a consistent increase in IFN-g secretion during TB-IRIS [12, 13, 15, 55] . Thus, the persistence of high IP-10 levels may be a sensitive indicator of an ongoing Th1 response. Considering that IP-10 plays an important role in the differentiation of Th1 cells within lymphoid tissues [56] , and in the recruitment of effector T cells to inflamed tissues [53] , it is likely that this chemokine contributes to a positive feedback loop driving Th1 cell activation during TB-IRIS. Our study has limitations due to the relatively limited size of the cohort studied and the fact that patient peripheral blood cells were not available for analyses. Therefore, it will be important in future studies to include an analysis of CD4 þ T-cell phenotype and cytokine secretion capacity, to confirm a predominant role of activated Th1 cells in triggering and sustaining TB-IRIS.
Patients who developed TB-IRIS in the ANRS 129 BKVIR trial had slightly higher viral loads than patients who did not show signs of TB-IRIS. One reason may be that HIV directly contributes to the abnormal activation that primes immune cells for TB-IRIS. In addition, a higher viral burden may be associated with a more advanced stage of TB, and hence with a higher load of Mtb antigens available to prime a dysregulated immune response. Mycobacteria can in turn promote HIV replication through the release of TNF-a [57] , resulting in synergistic interactions between the two pathogens. Patients in the IRISþ group also had a shorter delay between the initiation of anti-TB therapy and cART than patients in the IRIS-group, a finding in agreement with published studies [23, [58] [59] [60] , and which may reflect the lower load of Mtb antigens in patients who have been treated for a longer time with anti-TB drugs. Importantly, large clinical trials have demonstrated that even though shortening the delay to cART to 2-4 weeks increases the risk of TB-IRIS in HIV/Mtb-coinfected patients, this approach is beneficial in patients with very low CD4 þ T-cell counts (<50 cells/ml), as it limits AIDS-associated mortality [58] [59] [60] . Thus, as early cART emerges as the strategy of choice in HIV/Mtb-coinfected patients with advanced immunosuppression, it becomes all the more important to validate predictive markers that can help focus limited medical resources on patients at a high risk of TB-IRIS.
In conclusion, this study shows that patients at a high risk of TB-IRIS have signs of preexisting CD4 þ T-cell activation, as indicated by increased circulating levels of sCD25 and increased availability of IL-7. After cART initiation, TB-IRIS patients showed rapid increases of the inflammatory mediators IL-6, IL-8, TNF-a and IP-10 in plasma. These findings support a role for CD4 þ T-cell activation prior to massive inflammation in the development of TB-IRIS. Further validation of these results on an independent cohort of patients should help determine the potential of sCD25 and IL-7 as predictive biomarkers of patients at a high risk of TB-IRIS.
